Introduction
Electron attachment materials such as SF6 have been utilized in ionospheric modification experiments for over 30 years [Mendillo and Forbes, 1982 These experimental observations have prompted new theoretical and numerical simulation modeling efforts since past work had primarily considered the depletion evolution on large space and timescales. These early works considered electron attachment and neutralization chemistry, airglow production, macroscopic electrodynamics, and macroscopic plasma instabilities [Mendillo and Forbes, 1982; Bernhardt, 1984 Bernhardt, , 1986 Bernhardt, , 1988 Scales et al. 1992, 19944] was the first attempt to consider the early time microscopic processes associated with chemically produced electron depletions. The simulation work of Scales et al. [1992, 19944] considered the evolution on timescales of the order of or less than the negative ion cyclotron period and spacescales of roughly 10 negative ion Larmor radii. This corresponds to timescales of tenths of seconds or less and spacescales of a few hundred meters or less during the experiments. The contribution of Scales e! al. [1992, 19944 ] was a preliminary description of the initial electrodynamic evolution of the depletion and the nonlinear development of plasma processes that occur in the depletion boundary layer. The principal results of this work showed that (1) a highly sheared electron flow velocity develops in the depletion boundary layer initially and (2) this sheared electron flow velocity acts as a free energy source for the development of waves in the boundary layer. Strongly sheared electron flows originate due to the density gradients at the boundary, especially since the gradients in the ion and electron densities are in opposite directions. This feature leads to physics which is unique to electron attachment chemical release experiments and distinguishes them from other chemical release experiments, such as the barium releases during the AMPTE series of experiments (1) where he, n+, n_ and Te, T+, T_ are the electron, positive ion, and negative ion densities and temperatures, respectively. The sheared electric field E(r) develops in order to maintain quasi-neutrality at the boundary since the electrons are strongly magnetized and the negative ions are essentially unmagnetized on these timescales Scales et al., 19944] . Since ne -• 0 in the electron depletion, it can be •seen from (1) that strongly sheared electron flows may exist in the boundary layer. Waves develop and produce irregularities in the boundary layer because of the shear-driven electron-ion-hybrid instability (EIH) as described by Gangull et al. [1992] and Scales et al. [19944] . These works argued that the EIH instability should be the dominant source of irregularities rather than the lower hybrid drift (LHD) instability which has been proposed to explain irregularities observed during the AMPTE barium releases [Winske, 1989] . The fact that (1) the shear frequency (ratio of maximum flow velocity to flow velocity scale length) exceeds the lower hybrid frequency and (2) vortex structures are observed in the simulations support the EIH rather than LHD mechanism as is described by Romero et al. [1992b] .
A limitation of our previous simulation work [Scales et al., 1992, 19944] was that it did not include electron attachment chemistry and therefore could not realistically describe the creation and evolution of the electron depletion and negative ion plasma from the expanding neutral cloud. The present work has several purposes.
The first is to extend the work of Scales et al. [1992, 19944] by including attachment chemistry in the simulation model. This will provide a description of the overall early time (less than the negative ion cyclotron period) evolution of a chemically produced electron depletion as well as a more detailed and realistic description of the boundary layer processes than provided in the past work. The recent CRRES IFH experiment has provided high time resolution observations of small-scale plasma irregularities that exist in the depletion boundary layer [Bernhardt et al., 1994] . Recently, Scales et al. [1994b] have made a preliminary study of these irregularities by using our new simulation model. Therefore a second purpose of this work is to provide a more detailed study of these irregularities and the associated processes in the depletion boundary layer that may be used to aid in interpretation of the recent experimental measurements. This work is organized as follows. Section 2 provides a detailed description of our new simulation model. A representative simulation run is presented in section 3. This section will consider the overall electrodynamics of the release as well as a study of wave generation and accompanying wave-particle interaction processes. Section 4 provides a summary and discussion of the results.
Simulation Model
We have developed a periodic two-dimensional electrostatic hybrid simulation model to study the evolution of chemically produced electron depletions. As in our previous particle-in-cell (PIC) model [Scales et al., 1992, 19944 
where Nn0 is the total number of neutrals at t -0, and r is the neutral particle attachment time constant. The constant r is choosen to produce electron density reduction rates that are comparable to those observed during recent experiments as will be described shortly. 
Note that our model does not directly take into account the fact that the electron attachment loss rate decreases with decreasing electron density as is described by (10).
We have developed a more sophisticated model which incorporates this process within the framework of the simplified model just described, however, we find that the results to be qualitatively the same. 
Results
We now present the results of a representative run of the simulation model described in the previous section. The discussion will consist of two parts. The first is a discussion of the initial creation of the electron depletion and negative ion plasma as well as the initial electrodynamic evolution. This will be followed by a description of the development of irregularities in the depletion boundary layer. Figure I shows the initial and final radial density of the neutral cloud. As stated earlier, the initial neutral cloud radius is 4A and the density is 6000 particles per grid cell to model the impulselike release. By the end of the simulation, the neutral density has been reduced to 30 particles per cell due to radial expansion and electron attachment. The neutral density at the end of the run is of the order of the initial background plasma density. In that work, anomalous diffusion of the electrons into the depletion caused by waves reduced the negative charge surplus, relaxed the sharp electron density gradient, and produced a decay in the field energy as the system evolved in time. Also, in Figure 5 , we see that near the time the radial energy reaches a maximum value, the azimuthal field energy begins to grow above the noise level and continues to grow until roughly •xt -2.5. The azimuthal energy is the result of unstable plasma waves in the boundary layer. These waves produce irregularities which are the subject of the next section.
Depletion and Negative Ion Cloud Creation

Depletion Boundary Layer Irregularities
To display the development of the boundary layer irregularities in more detail, Figure 6 shows the twodimensional density of the three plasma species at three times during the simulation. At 
